deprived cats which were raised in complete isolation from other animals. Pregnant queens from this colony were used for the source of germfree kittens. The methods of raising germfree cats have been describedle. The kittens were removed by hysterectomy and passed through a tank filled with a disinfectant into flexible plastic isolators. The diet consisted of an infant milk replacer which was supplemented with amino acids and multiple B vitamins. At approximately 3 weeks of age a sterile solid food was subsequently added to this diet. Sterility was determined by culturing aliquots of the diet, fecal material, and urine at weekly intervals and at the times when supplies were taken into the isolator. The culture media consisted of thioglycollate broth and tryptose agar plus 5% defibrinated equine blood. Incubations were made at 22" C, 37" C, and 57" C in aerobic and anaerobic environments. Samples of lung, spleen, and colon were routinely cultured at the necropsy of each animal. Media for mycobacteria and mycoplasma were also used. Wet mounts of feces for protozoa, helminths, and motile bacteria were examined. The presence of viruses was investigated by microscopic examination of tissues and by the inoculation of feline kidney-cell cultures with suspensions of spleen.
The stock virus of feline infectious enteritis was obtained from Dr. JOHN GORHAM, College of Veterinary Medicine, Washington State University, Pullman, Washington. It had been originally isolated from pooled tissues from 4 cats with naturally occurring feline infectious enteritis and passaged 12 times through susceptible cats. The viral suspension consisted of a mixture of ground mesenteric lymph node, ileum, colon, and spleen with 5% glycerin and antibiotics. When injected into a specific pathogen-free (conventional) cat intraperitoneally, the cat developed signs and lesions of feline infectious enteritis. The spleen from this cat was harvested aseptically and ground to make a 10% suspension with Hank's solution and antibiotics. Aliquots of this splenic suspension were inoculated into feline kidney-cell cultures and were tested for sterility. No cytopathic effect occurred in tissue culture and the aliquots were bacteriologically sterile. This material was used as the infective inoculum for this experiment.
To prove the virulence of the infective splenic suspension, aliquots were inoculated intraperitoneally into 5 cats from the specific pathogenfree colony. Two died on the fifth day following inoculation and 3 were killed with pentobarbital sodium in a moribund state by the seventh day after inoculation. Characteristic lesions of feline infectious enteritis were demonstrated microscopically in each cat.
As a source of uninfected inoculum for the control animals, the spleen was harvested aseptically from a clinically healthy, 5-monthold male cat from the specific pathogen-free colony. A 10% suspension of this spleen was prepared identically to that of the infective suspension.
Nineteen germfree cats ranging in age from 19 to 24 weeks were used in this experiment. Of these, 14 kittens were injected intraperitoneally with 2.0ml of the infective splenic suspension and 5 with 2.0 ml of the control splenic suspension.
During the baseline period and following inoculation intraperitoneally of the respective suspensions of spleen, daily physical examinations of all germfree animals were performed. These included the recording of rectal temperatures five times daily, food and water consumption, appearance of feces, and the general appearance of animals.
Blood samples were obtained by cardiac puncture during both the baseline and experimental periods and the following determinations were made : hemoglobin by the oxyhemoglobin method, packed cell volume by the microhematocrit method, total erythrocyte and leucocyte counts, and differential leucocyte counts. Bone marrow smears for differential counts were made from the proximal femur at the time of necropsy.
Euthanasia was performed with pentobarbital sodium at intervals representing the various stages of the disease (Table I) . Sections of the following tissues were fixed in 10% phosphate-buffered formalin and examined microscopically : all lobes of the lung, trachea, bronchial lymph node, tonsil, mandibular salivary gland, mandibular lymph node, tongue, esophagus, planum nasale, nasal turbinate, conjunctiva, upper eyelid, membrana nictitans, stomach, duodenum, jejunum, ileum, cecum, colon, rectum, mesenteric lymph node, pancreas, liver, spleen, kidney, ureter, urinary bladder, testis or ovary, uterus, thyroid, parathyroid, thymus, adrenal, pituitary, brain, rib at costochondral junction, psoas muscle, diaphragm, myocardium, aorta, and femur. The eyes were fixed in Zenker's fluid with acetic acid for 1 hour, diluted with an equal volume of distilled water for 2 hours, washed overnight in running tap water, and placed in 70% alcohol for 24 hours. The tissues were embedded in paraffin and sectioned at 6 microns. Transverse sections of the brain were examined at the level of the basal ganglia, thalamus and optic chiasm, mesencephalon, and hippocampus. Sections were also cut from the pons and cerebellum, medulla oblongata, anterior cervical cord, thoracic cord, and lumbar enlargement. Shorr's triple stain, as modified by Foot, and Giemsa stain were used on selected sections in addition to hematoxylin and eosin. Histo-chemiFal procedures used on lymphocytic tissues included the Feulgen reaction and the fluorochrome acridine orange staining of frozen cryostat sections at a concentration of .Ol% for 12 minutes.
Results

Clinical Signs
All of the germfree animals injected with the viral suspension had significant rises in temperature above that of the baseline period ( Fig. 1 ). Two distinct febrile peaks occurred during the course of the disease. The first peak was evident on post inoculation day (PID) 2, followed by the second peak which occurred 32 hours later. The temperatures did not return to the baseline recording during the interval between the two peaks. The mean value of the temperature peaks was only 1.5" F above the mean value of the baseline period but 4 cats had individual temperature rises above 104" F. By PID 6, the temperatures of the infected germfree group had returned to the baseline values. No later rise in temperature occurred. The temperatures of the uninfected control group remained within the range of the baseline value throughout the course of the experiment.
Following inoculation of the virus, the appetites of the infected germfree group were not affected until the middle of PID 2. At this time the animals consumed only 50% of the expected food intake.
By PID 4 the cats completely refused to eat. Water consumption was also decreased during this period but some water was always consumed at each feeding period. Coincident with the loss of appetite, the cats also stopped grooming themselves. Their hair coats were no longer sleek and shiny but rough and coarse. Hair was shed from their coats in strands and tufts. The legs and tail became matted with dried waste material and cats made no attempt to clean themselves. Their attitude changed from alertness and playfulness to listlessness. From PID 3 to PID 5, the cats preferred to lie on the cage floor and remained inactive. By PID 5, loss of weight was noticeable. The abdomens appeared tucked up and there was a decrease in the palpable subcutaneous fat. The skin was no longer supple. The ribs became prominent and the eyes slightly sunken in their orbits. Starting on PID 6, however, the appetite gradually returned and the cats began grooming themselves again. By PID 8 they were again playful and alert and their appetites were back to the baseline level. They began to regain the lost weight. By PID 9, the remaining infected germfree cats could no longer be distinguished from the uninfected control cats so far as behavior was concerned. At no time during the observation period was diarrhea noted. Neither conjunctivitis nor nasal discharge occurred in any of the cats. None of the inoculated cats died.
The total leucocyte count decreased significantly on PID 1 (Fig. 2 ).
The lowest mean value of 2250 per mm3 was recorded on PID 4. The leucopenia remained at a significantly low level but the total leucocyte count began to rise again by PID 6 . At PID 10, the leucocyte count was again within one standard deviation of the recorded baseline value. The leucopenia was due primarily to a severe absolute lymphopenia ( Figs. 3 and 4) . The total leucocyte count and total lymphocyte count almost paralleled each other. By PID 10, however, the lymphocyte count was still significantly lower than the value of 
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Fig. 3 . Absolute neutrophil counts of 14 germfree cats inoculated with the virus of feline infectious enteritis. The mean total neutrophil count of the five control germfree cats remained within one standard deviation of the preinoculation period throughout the course of the experiment. The lag in the appearance of neutropenia lagged in relation to that of the lymphocytes (Fig. 4) . the baseline period. An absolute neutropenia occurred later in the course of the disease than the absolute lymphopenia ( Fig. 3) . The total neutrophil count was not significantly decreased until PID 4. It remained low through PID 8 and was again within one standard deviation of the baseline value at PID 10.
It should be noted that the total number of lymphocytes far exceeds the total number of neutrophils in the germfree cat. The number of eosinophils in the infected germfree group did not significantly differ from the pre-inoculation value which consisted of a mean of 787 and a standard deviation of f314. The mean erythrocyte and hemoglobin values of the two groups did not differ significantly.
Macroscopic Lesions
The appreciable reduction in size and weight of the thymus after PID 4 (Table I) germfree cats (Fig. 5 ). Occasionally the interlobular spaces were filled with yellowish, gelatinous material. Tiny white foci could also be seen on the surface of the thymic lobules below the capsule. The decrease in weight became more severe as the course of the disease progressed. By PID 7, the thymus weighed only 2 grams or less. Cats which were necropsied from PID 3 to 5 had mild to moderate congestion of the mesenteric vessels on the serosal surface of the intestine. This lesion was inconstant, however, and was never spectacular. It did not occur in the control group of cats.
Intestinal parasites were not found in the germfree cats at necropsy. The lack of any gross evidence of enteritis in the experimental group was noteworthy (Figs. 6 and 7) .
Microscopic Lesions
The microscopic appearance of the intestinal mucosa of the infected germfree group did not differ from that of the uninfected control group. At all levels of the intestine the villi were completely covered by a layer of columnar epithelial cells and goblet cells. The villi were long and slender and projected well out into the intestinal lumen. There was no evidence of blunting of the tips of the villi. The epithelium of the intestinal crypts was not altered. There was no apparent increase in the mitotic rate of these cells. The crypts were not dilated or filled with necrotic cellular debris ( Figs. 8 and 9 ). In contrast the intestinal mucosa of specific pathogen-free cats inoculated with the same virus was nearly destroyed.
Microscopic lesions occurred consistently in the thymus and in the lymphocytic tissues. The lobules of the thymus were drastically reduced in size compared with those from uninfected control cats ( Figs. 10 and 11 ). The interlobular space was increased in width and contained adipose connective tissue. The interlobular connective tissue had a rather loose arrangement and contained scattered lymphocytes. After PID 5 the cortex was almost entirely depleted of lymphocytes. This caused the medulla to appear much more prominent in the infected germfree group. A few lymphocytes remained in the atrophic cortex along with several clusters of reticuloendothelial cells. There was marked hyperplasia of the reticuloendothelial cells of the medulla. Many of these cells were enlarged and contained phagocytized cellular debris within their cytoplasm. The nucleoli were enlarged and brightly eosinophilic. Indeed, some nucleoli were so prominent that they could be interpreted as inclusion bodies. However, they were connected to the nuclear membrane by fine strands of chromatin. Also, there was no other nucleolus in the nucleus. These intranuclear bodies stained red with the acridine orange fluorochrome staining reaction. This was comparable to the staining characteristics of the nucleoli in control sections. The intranuclear bodies did not stain magenta with the Feulgen reaction. The epithelial component and the Hassall's corpuscles were more conspicuous due to the loss of lymphocytes. Many of the Hassall's corpuscles were in various stages of degeneration. By PID 5, these degenerated cells began to undergo extensive mineralization. Some of the Hassall's corpuscles were greatly enlarged and contained a large mass composed of concentric layers of keratin. Mineralization or degeneration of Hassall's corpuscles did not occur in any of the uninfected control cats. By PID 12 there was still little evidence of regeneration in the thymus. The lesions in the thymus in comparably infected specific pathogen-free cats were similar to those in these infected germfree cats. The lymphocytic tissues of the control germfree cats resembled that of other germfree animals12 ( Figs. 12 and 14) . The mesenteric lymph nodes, mandibular lymph nodes, and tonsils occasionally contained poorly developed secondary reactive centers which varied slightly in number according to the age of the respective animal. The Peyer's patches usually contained only primary €ollicles. Plasma cells were rarely seen in any of the lymphocytic tissue. They were occasionally found, however, in small numbers in the lamina propria of the intestinal mucosa in the region of the intestinal crypts.
As early as PID 3 in the infected germfree cats, changes were noted in the lymphocytic tissues, particularly the mesenteric lymph node. The most severe lesions were seen on PID 5. In contrast to the Fig. 11 . The thymus of a germfree cat six days after inoculation with the virus of feline infectious enteritis. There is depletion of lymphocytes and hyperplasia of reticuloendothelial cells in comparison to the control thymus (Fig. 10) . There is mineralization of Hassall's corpuscles. uricfected coixrol group, a distinct junction could be seen betv een the cortex and medulla of the lymph nodes. This was due to the hyperplasia of reticuloendothelial cells (Fig. 13) . The total number of smzll mature lymphocytes was greatly reduced. There were many follicles with secondary reactive centers in the cortex. Some of the ceritral portions of these follicles contained clumps of brightly eosinophili: proteinic material surrounding reticuloendothelial cells and prolifzrating lymphoblasts. The cortex and medulla were packed with lightly basophilic lymphoblasts containing large, pale-staining nuclei with one or two nucleoli. The cytoplasm of these cells was more abunda:;t than that seen in the lymphocytes of the control group and was more eosinophilic. Mitotic figures were randomly scattered in the cortex.
Occasionally small clusters of pyknotic lymphocytes were seen. Large numbers of reticuloendothelial cells were admixed among groups of proliferating lymphoblasts. Sometimes these groups of reticuloen5othelial cells were isolated among the lymphoblastic cells. At other times they were confluent in long wide cords of cells which extended from the periphery to the center of the lymph node. The reticuloendothelial cells were greatly enlarged and many contained necrotic debris within their cytoplasm. The nuclei were vesiculated and some had margination of the chromatin. The nucleoli were enlarged and brightly eosinophilic (Fig. 15 ). By PID 10 small lymphocytes were again numerous within the cortex. Follicles which contained a dark, outer zone of small mature lymphocytes were located around the periphery of the cortex. The central zone still consisted of the lymphoblastic type of cell with occasional reticuloendothelial cells. There were more lymphocytic cells in the medulla at this stage of the disease. The reticuloendothelial cells remained prominent and many contained phagocytized hemosiderin. An occasional reticuloendothelial cell had phagocytized an erythrocyte. The Peyer's patches in the control germfree animals were well developed but not densely populated with cells ( Fig. 8 ). There was a zone of small mature lymphocytes adjacent to the muscularis mucosae. The follicular cells were mostly lymphoblasts. They had larger, more vesicular, less basophilic nuclei with discernible nucleoli. Reticuloendothelial cells were seen only rarely in the uninfected control group. In the infected germfree group, by PID 5 the majority of the mature lymphocytes were gone ( Fig. 9 ). Occasionally there were small foci of one or two pyknotic lymphocytes. The lymphocytic cells were almost exclusively lymphoblasts except for a narrow zone of lympho-F&. 14. Higher magnification of the interfollicular tissue in Fig. 12 . There is lack of reticuloendothelial cells in comparison with the infected cat ( Fig. 15 ).
H & E , x850. Fig. 15 . Higher magnification of thc interfollicular tissue in Fig. 13 . Thcre is an increascd number of large reticuloendothelial cells and lymphoblasts. Some of the reticuloendothelial cells contain enlarged nucleoli (arrows).
cytes at the periphery of the Peyer's patch. The most striking change was hyperplasia and hypertrophy of reticuloendothelial cells similar to those in the thymus. The nuclei of these cells were enlarged and vesiculated. The nucleoli were greatly increased in size and in instances they accounted for 50% of the nuclear area. The cytoplasm contained clumps of darkly basophilic material which was suggestive of phagocytosis of necrotic lymphocytes. The intercellular space contained small deposits of eosinophilic, fibrillar material. By PID 10, the outer zone again contained mature lymphocytes. The central portion contained an admixture of lymphoblasts and reticuloendothelial cells. However, the reticuloendothelial cells had decreased in numbers so that they were no longer the predominant cell type.
Histologically the lymphocytic tissue of the spleen had similar changes to those seen in the thymus and lymph nodes. The splenic follicles in the uninfected control cats were composed primarily of as prominent as those seen in the thymus and mesenteric lymph nodes. mature lymphocytes. Reticuloendothelial cells were not a prominent histological feature. In the infected germfree group, however, by PID 3 the mature lymphocytes were already partly replaced by larger lymphoblasts. In addition, reticuloendothelial cells had begun to proliferate within the central portion of the splenic follicles. By PID 5, many reticuloendothelial cells occurred throughout the splenic follicles. Most of these cells were greatly enlarged with the nucleus making up the larger proportion of the cell. These cells contained phagocytized debris. By PID 10, the reticuloendothelial cells also contained hemosiderin. The splenic follicles again had mature lymphocytes. Some follicles even had narrow outer zones of lymphocytes.
The tonsils, bronchial lymph nodes, and mandibular lymph nodes were also examined. These contained similar lesions but they were not -- The bone marrow of the uninfected control and infected germfree groups did not differ significantly in the degree of cellularity. A significant difference in myeloid/erythroid ratio ( Fig. 16) was not seen until PID 4. The M:E ratio fell to within normal limits again on PID 6 but significantly differed again on PID 8-10. The range of myeloid cells in the uninfected control group was 53-54y0. In the infected germfree group the range for the myeloid cells was 52.75% to 59.75%. Differential counts revealed that the increased number of myeloid cells was due to an increase in the metamyelocytes and granulocytes. The erythroid series of cells did not have a significant decrease in any one classification of cells. Rather the total number of erythroid cells was simply decreased proportionately to the increased total number of myeloid cells. It is interesting to note that the germfree cat has higher values for the primitive blast forms of both the myeloid and erythroid series than has been reported for the conventional cat31 1 0 9 1 7 9 18.
Discussion
Experimental feline infectious enteritis in the germfree cat was not the fulminating disease with a high mortality rate as is reported in the literature for the conventional cat11 4 3 5 9 10, 111 149 15, 19. All of the germfree cats in this study which were inoculated with the virus of infectious enteritis had a relatively short clinical course and were beginning to recover by PID 7. The severe leucopenia which occurred in all infected germfree cats was due to absolute lymphopenia with absolute neutropenia occurring a few days later. Panleucopenia has been reported in almost all spontaneous cases of the disease.
The severe thymic atrophy has not previously been reported. In our experimentally infected germfree cats this was the only consistent gross lesion. The atrophy was due to almost complete depletion of the lymphocytes. This lesion along with hpperplasia of the reticuloendothelial cells occurred also in other lymphocytic tissues and was prominent in the spleen, lymph nodes, and Peyer's patches. Ultrastructural studies of the mesenteric lymph nodes confirmed that large reticuloendothelial cells are macrophages phagocytizing damaged lympho-cytes6. These results indicate that the lymphocytes may be the target cells for the virus.
Reticuloendothelial cell hyperplasia was expected as it has been reported previously119 14 15 . The nucleoli of some of these reticuloendothelial cells were greatly enlarged but had all the other characteristics of nucleoli with the Feulgen reaction and acridine orange fluorochrome staining. It is possible that the intranuclear inclusion bodies reported by others may occur under some conditions since nuclear inclusions occur fleetingly in less than .1 yo of cells in tissue culture~7~ 8, 9.13. None was observed in our material.
The myeloid/erythroid ratio of the bone marrow of the germfree cat differs from that of the domestic cat reported in the literatures. 10, 17,18. The M:E ratio of the infected germfree cats in our study was significantly higher than that of the uninfected control group but it was still much lower than the 3.3 reported by LAWRENCE et al. 10 for cats which were beginning to recover from the disease. The fact that the percentage of blast forms in both the myeloid and erythroid series is elevated in the germfree cat may account for the low absolute neutrophil count in the peripheral blood. Perhaps the germfree cat in the absence of any microbial flora has a decreased stimulus for granulocytic maturation. After several days post inoculation with the virus, the number of more mature myeloid forms in the bone marrow increased.
Since the virus consistently produced lesions of infectious enteritis in the small intestine of specific pathogen-free cats, the absence of enteric lesions in the germfree cat was surprising. No degeneration or necrosis of the mucosal epithelial cells occurred in the infected germfree group. No inclusion body was found in the nuclei of the epithelial cells of the crypts. The enteric lesions in conventional cats with this disease are probably caused by the microbial flora of the intestinal tract. It is possible that the loss of lymphocytes results in depression of the immune mechanism. Such a mechanism has yet to be demonstrated. On the basis of our finding, the term feline panleucopenia appears more appropriate than feline infectious enteritis for this disease.
Summary
In the absence of other microorganisms the virus of feline infectious enteritis produced a mild, non-fatal clinical disease in germfree cats. A biphasic temperature rise occurred on post inoculation day (PID) 2 and 4. All of the germfree cats began to recover by PID 7. Absolute lymphopenia occurred o n the first day followed by absolute neutropenia on PID 4. The leucocyte counts were within the normal range by PID 10. Severe atrophy of the thymus was the only macroscopic lesion produced. Depletion of mature lymphocytes and reticuloendothelial cell hyperplasia occurred in all other lymphocytic tissue. No inclusion body considered to be of diagnostic significance could be demonstrated. There was no evidence of enteritis grossly or microscopically in germfree cats. 
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